Abstract. Paclitaxel and cisplatin (TP) are common chemotherapeutic agents extensively used for treating lung and esophageal cancers. The present study reported three patients with transient hypertriglyceridemia (HTG) following TP chemotherapy. Serum triglyceride (TG) levels returned to baseline at chemotherapy intermission. No patient had any history of HTG or any evidence of pancreatitis or other complications of HTG. No regular elevation of any other serum lipids, including cholesterol, high-density lipoprotein and low-density lipoprotein, was observed. However, treatment of mice with TP decreased TG and slightly increased cholesterol. The findings of the present study suggested that TP chemotherapy results in transient dyslipidemia, and physicians must monitor TG levels during chemotherapy to avoid TG-associated complications.
Introduction
Cancer patients frequently present with metabolic disorders, including cachexia, with hallmarks of atrophy of fat (1) . Apart from the systemic stimulatory effects of obesity on tumor growth, adipocytes directly influence tumor behavior. The omentum is primarily composed of adipocytes. Of note, intra-abdominal tumors have a predilection for omentum metastasis (2). Nieman et al (3) demonstrated that human omental adipocytes provide energy for rapid tumor growth and promote homing, migration and invasion of ovarian cancer cells. In this process, adipokines, including interleukin (IL)-8 serve important roles. In obese patients, adipose stromal cells (ASCs) are expanded and subsequently migrate from the endogenous white adipose tissue to tumors, where they are incorporated into blood vessels as pericytes (4) . Further evidence has shown that cancer-associated adipocytes modify the cancer cell phenotype leading to a more aggressive behavior (5) . Of note, lipid oxidative metabolic programs are essential for regulatory T cells (6) and M2-type macrophages (7), which are classical immune suppressive subsets facilitating tumor growth. Apolipoprotein E (ApoE), targeted by a set of microRNAs, has been demonstrated to be an antiangiogenic and metastasis-suppressive factor in melanoma (8) . ApoA-I binding protein accelerates cholesterol efflux from endothelial cells and regulates angiogenesis (9) . However, whether chemotherapy influences lipid levels remains to be fully elucidated.
Hypertriglyceridemia (HTG) can occur in patients with cardiovascular diseases, diabetes mellitus, obesity, metabolic syndrome or chronic renal failure (10) . Pregnancy, alcohol abuse and certain medications have also been reported to increase the TG concentration (11, 12) . Elevated plasma levels of TG increase the risk of cardiovascular diseases, diabetes, obesity and insulin resistance (13, 14) . Furthermore, elevated serum TG levels are associated with hepatosplenomegaly, xanthomas, neuropathy, lipemia retinalis and even hyperlipemic abdominal crisis (15, 16) . Of note, HTG is a well-recognized cause of acute pancreatitis (17, 18) , which has a high mortality rate (19) .
At our clinic, numerous patients who experienced transient HTG after treatment with paclitaxel and cisplatin (TP) chemotherapy were encountered. The present study reported on three patients with transient HTG after receiving TP chemotherapy. TG returned to baseline at chemotherapy intermission. No patients had any history of HTG or exhibited any evidence of pancreatitis or other complications of HTG. No regular elevation of any other serum lipids, including cholesterol, high-density lipoprotein (HDL) and low-density lipoprotein (LDL), was observed. However, treatment of mice with TP decreased serum TG and slightly increased cholesterol. The present study suggested that, to avoid TG-associated complications, clinicians must monitor TG levels during chemotherapy.
Methods
Clinical cases. Retrospective data from the electronic medical records of West China Hospital (Chengdu, China) were collected. All three patients selected received chemotherapy at the Cancer Center of West China Hospital.
Animal study. C57BL/6 and BALB/c mice (6-8 weeks old) were purchased from Beijing HFK Bioscience Co., Ltd. (Beijing, China). Mice were maintained under pathogen-free conditions with individual ventilation (temperature: 21-27˚C; humidity: 40-60%), with a light/dark cycle of 12 h, and ad libitum access to food and water. The study was approved by the ethics committee of Sichuan University (Chengdu, China). All animal experiments were performed according to protocols approved by the Institutional Animal Care and Use Committee of Sichuan University. A total of 10 mg/kg paclitaxel was administered on day 1, and 5 mg/kg cisplatin was administered on days 1, 2 and 3. Chemotherapeutic drugs were administered intravenously to female BALB/c mice (n=3 for each group) and intraperitoneally to C57BL/6 mice. Mice in the control group were administered normal saline. At day 4, blood was collected, the mice were sacrificed and levels of the serum lipids were examined at Chengdu GLP Center (Chengdu, China). The chemotherapeutic agents, paclitaxel and cisplatinum, were obtained from West China Hospital (Chengdu, China).
Statistical analysis. Statistical analysis was performed using Student's t-test between two groups. P<0.05 was considered to indicate a statistically significant difference.
Results

TP chemotherapy induces serum TG fluctuation in cancer patients.
The following three noteworthy cases were encountered at West China Hospital (Chengdu, China). A 47-year-old female patient (patient 1) was diagnosed with lung squamous carcinoma. Since the tumors had invaded the laryngeal recurrent nerve, surgery was not possible and chemotherapy was applied. TP was administered six times and the patient received concurrent radiotherapy. An elevation of serum TG levels was observed each time following chemotherapy. Of note, the HTG was transient and TG levels dropped to normal levels prior to the next cycle of chemotherapy (Fig. 1) .
A 66-year-old female patient (patient 2) who had a 3-month history of progressive dysphagia was referred to West China Hospital and diagnosed with esophageal squamous carcinoma. Upon admission to the West China Hospital, the patient had normal serum TG levels. The patient received four cycles of TP chemotherapy and radiotherapy after the third cycle. The patient had no history of dyslipidemia; however, she experienced HTG following every administration of TP (Fig. 1) .
A 57-year-old male patient (patient 3) with a history of synovial carcinoma in the left lower extremity was admitted to West China Hospital due to the recurrence and lung metastasis of synovial carcinoma. The patient had undergone excision of synovial carcinoma 13 years previously and upper left pulmonary wedge resection 7 months previously. Thereafter, the patient received 5 cycles of TP chemotherapy. He exhibited HTG after each treatment with TP chemotherapy, which decreased in the subsequent interval (Fig. 1) .
Triglyceride disorders are not accompanied by any other lipid disorders. Since chemotherapy with TP influenced serum TG levels, further review of the patients' medical records was performed to determine whether dyslipidemia was also present for cholesterol, LDL and HDL. The trend of these lipids observed following chemotherapy was not similar to that of serum TG (Fig. 2) .
Influence of TP chemotherapy on liver and kidney function.
Furthermore, serum levels of albumin, ALT and AST after chemotherapy were compared at various time-points. It was revealed that chemotherapy induced a slight elevation of ALT and/or AST in each of the three patients; however, levels almost remained in the normal range. Unlike ALT and AST, albumin levels did not fluctuate following chemotherapy (Fig. 3) . In addition, no regular elevation of creatinine and urea was observed following TP chemotherapy (Fig. 4) .
Animal model of TP chemotherapy-induced lipid disorder.
To investigate whether TP chemotherapy causes a lipid disorder in experimental animals, BALB/c mice were administered intravenously with chemotherapeutic drugs. To mimic the clinical settings, the animals were administered paclitaxel (10 mg/kg body weight) at day 1 and cisplatin (5 mg/kg body weight) at days 1, 2 and 3. At day 4, serum from the mice was obtained to evaluate the TG and cholesterol levels. TG was revealed to be significantly decreased and cholesterol levels were increased (Fig. 5) . Furthermore, the same experiment was performed on C57BL/6 mice with intraperitoneal injection of the drugs. In C57BL/6 mice, the same trend was observed as in BALB/c mice, while not reaching statistical significance (Fig. 5) . These results suggested that TP chemotherapy caused lipid disorders in mice, while they were not consistent with those in human subjects. 
Discussion
The present study reported on three patients with cancer who developed HTG following TP chemotherapy. No patient had any history of or any pre-existing lipid abnormalities, and exhibited no other predisposing factors, including chronic alcoholism, diabetes mellitus or hypothyroidism. Typically, HTG occurs in conjunction with low HDL levels and atherogenic small dense LDL particles (20) . However, the present study found that the levels of physiologically important plasma cholesterol, LDL and HDL were normal or only minimally changed. The reason for the observed TG elevation remains elusive. In the three patients, it was observed that ALT and/or AST were transiently elevated after TP chemotherapy and showed a similar trend to serum TG, while remaining in the normal range. Therefore, the fluctuation of TG may have resulted from impaired hepatic cellular function.
The significance of HTG in patients undergoing chemotherapy has remained elusive. In a clinical trial reported by Blumenschein et al (21) HTG had a prognostic value for bexarotene-treated patients with non-small cell lung cancer. Furthermore, the occurrence of high-grade HTG was highly correlated with increased survival (21) . Of note, a marked elevation of TG appeared to be causally linked to acute pancreatitis. Acute pancreatitis induced by HTG usually occurs when serum TG levels exceed 20 mmol/l (16, 22) . A TG serum level of >1,000 mg/dl can be used to determine the required therapy (23) . Failure to consider lipid levels as the cause of disease can lead to clinical deterioration (24) . In the present study, the serum TG levels in most patients who received chemotherapy was <5 mmol/l. However, there is evidence that serum TG levels as low as 343 mg/dl (3.9 mmol/l) were able to trigger pancreatitis (25) . Therefore, clinicians must be vigilant of acute pancreatitis in all patients who receive TP therapy. As HTG can impair the function of endothelial cells, it is necessary to protect the endothelium when it is encountered during treatment with TP chemotherapy. Notably, the present study observed an elevation of TG in patients following TP chemotherapy, whereas the opposite phenomenon was observed in mice. To mimic the clinical settings, mice were administered paclitaxel at day 1 and cisplatin at days 1, 2 and 3. On day 4, serum TG were reduced in the mice, while cholesterol was increased. This difference from the observations in human patients may have resulted from different species or different dosage of chemotherapeutic agents.
In conclusion, the present study highlighted the requirement for clinicians to consider severe dyslipidemia as a possible side effect prior to initiating TP chemotherapy, which may result in complications.
